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@ Diabetes management system and apparatus. 

@ A system and apparatus for efficient medical control of a medical condition such as diabetes comprises a 
recorder, an interface and a master computer. The master computer develops a programme of therapy which is 
downloaded into the recorder which then reminds the patient of any therapy due and records that the therapy 
has been effected. The record from the recorder is subsequently fed back to the master computer to Improve or 
alter the therapy programme. 
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niftnrm ii\f\u{\npf"='^ cvstem and apparatus 



°' '"rSrstrd^ta^^^^ herein has been specHlcai.y designed for the control of diabetes but could be 

applied to many other «,e optimum programme of eating, insulin 

in managing diabetes it is normal to denve for P^'^" / t^eir normal daily life and 

system that obviates or mitigates these problems. rr^morisina a computer into which are 

The present invention is a system ^.^"tP^t'^" an interface. 

5 loaded details of the patient, or his condrt-on. a "1°''''°' "I'^^^^l'^^^^^ programmed to 

enabling the computer and the monitor to «'^'=*^^"9f '^^^^^^ is recorded in the 

product from the loaded patient details a course of ^J^^^^^^^"^^^ ^6 being programmed to 

re"2:s rursTrdi^stus^^^^^ - — 

a?fw:;^rr a^dT-an%r S^^^^^^^^ — - — 

AremldimtJ oTihe present invention will now be described by way of example, with reference to the 

30 accompanying drawings, in which: 

Rg. 1 shows the face of a recorder used by a patient. 

Fig. 2 shows the full display of the recorder of Fig. 1 : 

Fin 3 is a block schematic diagram of the recorder of Rg. i : 

RQ 4 is a cross sectional view of a blood glucose strip reader. 
35 Rg. 5 is a plan view of a strip carrier used in the reader of Rg. 4; 

Fig. 6 is a cross section on the line 6-6 of Rg. 5: ^ ■„ «,= roaHor of Fia 4- 

Fig 7 is an exploded view of a reflection compartment used m the reader of Fig. 4. 

Fin a is a circuit diagram of the blood glucose strip reader; and , = . 

„ Tha'avarall s,s».. of diabaKa maa=9an»„. "-""P™^ ^S^r^cl^^ L davatepS,9 <ha 
mon«or;,eeo,d.r (heialnaBar »f.™i » .«"<P'» »» '''"'f^' .te^Sm, ivl an imerface .nit used B 
.pumun, pr.g,.n>n,a on «,0 b^a « »» l"^:^"^^*:^ f p^l' or evan a n,odam. 

Lo en,a,5 Into tha mamor, o< "^T^ ^ TTTonTar alao incorpo«aa a l,lood 

"Th^ Sr,Srrrria";* rs,SS.rn,. 1 . ..a ..^.s sv^Wa on «,a vadous .a,s ,0 .0 
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having the following meaning:- 
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10 - Blood Glucose : Starts a procedure enabling read out of BG test strips according to 
manufacturer's procedure 

11 - Insulin : Starts a procedure enabling review and/or entry of insulin guidelines 

1 2 - Diet : Starts a procedure enabling review and/or entry of diet guidelines 

5 13 • Exercise : Starts a procedure enabling review and/or entry of exercise guidelines 

14 - Urine Test : Starts a procedure enabling entry of urine test results according to existing methods 
of urine testing 

15 - C key : Starts a procedure enabling clearing or zero setting of the values in the display, 
preventing memory storage of displayed values, and enabling clock/calender setting 

70 16 - R key : Starts a procedure enabling restoration of preset values, review of previous entered BG 

values, and recall of previous preset guidelines 

17 - + key : Enables the increase of values displayed and the recording of special events 

18 - - key : Enables the decrease of values displayed and recording of hypoglycemic reactions 

19 - on/off key : Enables on/off switching of the Romeo 
75 20 - bell key : Switches alarm on or off 

21 - M key : Starts procedure enabling to store the various displayed data Into Romeo's memory. 
The monitor/recorder also has an LCD as shown in Fig. 2. the various symbols having the following 
meaning:- 



e KLocxi GliMose function active 
«= Insulin function active 
« Diet function active 
e Ewertzise function active 
= X3rix test furKAion active 

Alarm esnabled 
e Time indticatcra 
= Mesnory full \jp indicators 

= Afpoirtment time/Oonsult pl^ician indicator 
« Prooent indicator 

s Alpha Numeric digit 

mx Numeric digit 

V S^CT TK^ indicator 

« Floating point 

« Battery Ix3w indicator 

= M key operation 
= R key operation 

In Fig. 3 is shown a block schematic diagram of the recorder. 

The entire recorder operates under the control of a standard 80 C31 microprocessor 30 which, besides 

3 
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10 



15 



us lnte.a. .eno. is provide. — . in .^^^^^^^^^ 

34. A reset circuit 36. to which is connected the ON/OFF key ™"^;°2ion to generate an intermpt 

for the system, to block an accidental reset during --J'^^^ ^^^^ is a simple 4.6 

instead of a reset to shut the system down vja the O^'OFF key ia i ne P ^^jj^ ^^e 
KHZ beeper Which provides audible alarm s,gn^s unde the co^^^^^^ 

serial interface 40 is the standard serial f ^^^-^^ ^"^ 'f "'f by. the microprocessor 30 by 

All the other -mponents oMhe^^^^^^^ ^'^^^ ,^ 

a two Wire senal bus 42. The ^^^^^'^ "'^.'^°1*:.Z,^^ „h amounts blood glucose measurement times, 
patient therapy information such as insulin injecton J^^^o^ Thro"Jer' pTof the EEPROM is used as a 
diet meal times and amounts. ---- J^^^^J,,"^^^^^^^^^^ thus blowing the patient to 

memory buffer to store the results of the last K blood 9'"°°^ EEPBOM. the stored data is not 

review his blood-sugar count over a period of time. As this memory is an ttKHU 

» in Jgra»d cl,c* able B ,^ and ■^^^^ ^^^"JZTb, The ^ olrcun 58 »,« an 
'The operation ot display and the tey board tor the various tunctions la as loUo«s:- 



20 later. 



INSULIN THERAPY 



35 



40 



At the programmed time an internal -^^^^nf "ON/SfF^^^^^^^ s^^s the actual time. 

wSenrpatient presses the insulin key 11. the insulin symbol in the display stops blinking, the insulin 
^^A«er ~ond~ " Z^'t^ers in the alphanumeric «e.d and then, in the case of a mixed 
shot, the second type and number of units appear in the display. 

INSULIN THERAPY FOLLOW UP 

When the patient has taken the correct dose of insulin, he presses the red M-store key 21 to confirm 

^ H^co to rpHi«?o!aved followed by " + " and then the second insulin 

,^^::'£z'ir:T::rX"JTr^^^..L,^^. appears . ^ 

display, together with insuhn symbol. fh-, «r-" kpw 15 

" ±tzXZTZ.'Zt^^irSZ ^n rdl^la, and tr^n ay.., 

vanishes. 

so INSULIN THERAPY DEVIATION 

.pe-rn-^rr^^iar^^^Tct^"^^^^^^^^ 

" " 1 me'Jifa'SSJdC o. inar-in a m^ed anot) the Inaulin Key ,1 ean ..e pressed again and th. 
^vSt^e d::"«ne red -M- ^ ^ is pressed to »n,r. and store tM adlosted 
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therapy. The display confirms "adjusted" therapy by scrolling adjusted therapy once, displaying solid 
insulin bottle and "M" for memory record. The display then returns to actual time display. 

The "C" key 15 can always be used to clear numbers currently being displayed. This mode is identical 
to normal calculator operation. To return to the prescribed therapy after deviation, patient presses the "R" 
5 key 16. 

DIET THERAPY 

70 

The diet therapy may be operated in any one of three ways:- 

A. Diet exchange system : individually selected exchanges per meal. 

B. Diet indication system requiring an entry indicating : 
above normal diet " + " key 17 

75 normal diet "R" key 

below normal diet key 1 8 

C. Diet "YES/NO" system requiring an entry indicating : 
diet followed "M" key 21 

diet skipped "C" key 15. 

20 

PROCEDURE FOR DIET EXCHANGE 

25 The procedure is essentially the same as for the insulin therapy. At the programmed time the audible 
alarm sounds and is repeated after one minute. The patient turns on the monitor/recorder by pressing the 
"ON/OFF" key and the display shows the actual time, the alarm signal (if selected) and the diet therapy 
signal. The diet symbol and the dots in time blink slowly. 

When the patient presses the diet key 12. the diet symbol stops blinking and the programmed therapy 

30 is displayed. In the present invention the programmed diet therapy can be any one of eight possibilities of 
which six are standard and two can be designed by the doctor. 



35 



40 



DIET THERAPY FOLLOW UP 

This is essentially the same procedure as was described for Insulin. After completing the terapy the red 
"M" key 21 is pressed to record the fact, the diet therapy scrolls once while "M" appears in the display 
with a steady diet symbol. Thereafter the actual time shows in the display. 

DIET THERAPY DEVIATION 

45 The therapy can be adjusted by means of the " + " and keys as described for insulin therapy. 

PROCEDURE FOR DIET INDICATION AND DIET YES/NO SYSTEMS 



50 



The procedures for these possible systems (the initial choice being made by the master computer) Is 
essentially the same as described above, the difference being that in the diet indication system the patient 
must enter whether the food eaten is above, below or equal to the normal programmed diet, and in the diet 
YES/NO system the patient must indicate whether the diet was followed or skipped. 
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EXERCISE THERAPY 

This may be programmed in any one of three ways. 
5 A. Specific exercise system with individually selected exercise level and duration, set in Homer and 

downloaded to Romeo, 

B. Exercise indication system requiring entry indicating: 

- more exercise " + " key 

- normal exercise "R" key 
70 - less exercise key. 

C. Exercise "YES/NO" system requiring entry indicating: 

- exercise done "M" key 

- exercise skipped "C" key. 



15 



20 
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PROCEDURE 

The procedure for exercise therapy is essentially the same as for the therapies previously described. 
URINE TESTING 

The master computer will programme the monitor/recorder in one of four ways, viz: 
-if this function is used at all 
-if only ketones function is used 
-if only urine glucose is used 

-if both ketones and urine glucose are used. . . x *u-^ * .r.^*i«r. tho 

Any test strip can be used as the patient has always to make a manual entry for this function. The 
master computer must be informed of the type of strip(s) being used and the appropriate coding. 

PROCEDURE 

The procedure followed by the patient is essentially the same as previously described except that the 
patient must enter the results of the test. In the case of the urine ketone '^^'^'^f^^Z^f^^ 
recorded by use of the key 18 while a positive test result is recorded by use of the + key 17 once. 

.0 twice^- ^^^^^^^^ ^.^^ ,ey 18 is used to record a negative result whU^^^^^^^ 

" + " key 17 is used up to eight times to record the possible urine glucose % values as follows: less than 
0.1 . 0.1 to 0.5. 0.5 to 1 .0. 1 .0, 1 .0 to 2.0. 2.0 to 3.0. 3.0 to 4.0. 4,0 to 5.0. 5.0 to 9.9. and greater than 9.9. 
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BLOOD GLUCOSE MEASUREf\/lENT 



This measurement is effected automatically by a reader in a special compartment in the recorder which 
50 will be described in more detail later. 



PROCEDURE 



55 



The procedure commences with the sounding of the alarm and the nomial response by the patient of 
nressinq the "ON/OFF" key 19. the therapy key (blood glucose 10) and inserting a clean test strip into the 
compartment. The therapy key is agan depressed. This allows the recorder to obtain a standard or base 
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reading. Thereafter the patient using the strip from the compartment proceeds with the test by pricking his 
finger, blotting it on the test strip, and pressing the blood glucose key 10. The recorder then counts for 60 
seconds giving audible warnings for the last few seconds to enable the patient to clean the strip at 60 
seconds. The recorder continues to count to 120 seconds and gives audible warnings from 115 seconds to 
5 enable the patient to insert the strip into the special compartment. 

The subsequent measurement of the blood glucose value and the entry of the measured value into 
memory is automatic. 



10 EVENT MARKERS 



An event marker is an additional entry made on the initiative of the patient to record significant events 
such as 

75 " + " & BG keys hyper 

" + " & "diet" keys illness 
" + " & "exercise" keys stress 
" + " & "insulin" keys fever 
" + " & "urine" keys alcohol 



RECALL FUNCTION 

25 The recall function enables the patient to go back to an earlier therapy step and store the correspond- 
ing activity so long as there is no same therapy alarm active. 

RECALL ROUTINE 

30 

The patient turns on the recorder and presses the "R" key 16 and then the desired therapy key. The 
recorder then goes back one therapy in time to an unrecorded blank therapy step and displays the 
programmed time of that step. The patient can then either accept that time by pressing the therapy key 
35 again or can adjust the time to the time at which the therapy took place. 



THE BLOOD GLUCOSE TEST STRIP READER 

40 

The blood glucose test strip reader 60 is illustrated in Fig. 4 and is located in the middle of the bottom 
edge of the recorder. The reader 60 consists of three superimposed parts, viz. the strip carrier 61 which 
positions the BG test strip con-ectly in the light path, the reflection compartment 62 which defines the light 
compartment, and an emitter/sensor unit which transmits and receives the light. 

45 The emitter/sensor unit comprises a housing 63 in which are located a light emitting diode 64 having a 
light intensity output at 565 nM and a photodiode 65 sensitive to the green light of that wavelenght. Above 
each of the diodes 64 and 65 is located an aperture. 66 and 67 respectively, allowing light to pass to and 
from the reflection compartment, the aperture 66 being formed so that the light from the LED 64 emerges 
from the housing 63 as a narrow high intensity beam. The housing 63 is accurately located in the main 

50 body 68 of the recorder so that the diodes are accurately located relative to the reflection compartment and 
the strip carrier. 

The reflection compartment (see Figs. 4 and 7) comprises a calibrated slit 70 immediately above the 
housing 63. a glass 71 which has an anti-reflection coating with optimum light transmission at 665 nM. and 
a strip support 72 having a slit 73 above the calibration slit 70. The support 72 serves to space the bloody 
56 test strip from the glass 71. 

With this arrangement of the reflection compartment above the emitter/sensor unit it can t»e seen that a 
strip, accurately located on the support 72 above the slit 73 has fixed spatial relationship with the diodes 64 
and 65. It is the purpose of the strip carrier to ensure accurate location of the strip. 

7 
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e. as seen in P.- ^e^^ ^S::^:^:!^^^^^ 
75 at its inner edge, the tongues be.ng ^^Pf «^ of the carrier in the recorder, 
the main body 68 of the recorder thereby ^^^^crhavr^pper surfaces 78 spaced below the 

The outer edge of the carrier is provded ^' f/'^"t?n« °" 
main part of the carrier. The carr.er 61 .s f'fJ°"J°;f^^^^^^ position the upper surfaces 78 of the 

r "e^r~ ^^^^^^ -'''^ 

'^%':ZSe. is provided With a s.it 80 whose w™^^^^^^ in^r Z 

^rip. A cantiievered tongue 81 over.ies the rna.n part o^ the sM 80. extencing o _^y ^ ^ 

wail 82 of the slit 80. The tongue 81 is thinner than t^"® "^f^ j^e tongue 81 and the 

substantially equal to the thickness of a ^^^V^f .P' '^'^^t^S^^^^ ^ '■•^ 

upper surface of the strip carrier 71. To assist m '°!^'2?,^'^r^lue6^l fom,ed as a lead-in ramp 87. 

being detected by the diode 65. ba onamised from a D/A - A/D converter 90. the output from 
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OTHER FUNCTIONS 

« s:;rs:r:^r:erir.srr.;^f ^^^^^ 

Jle battery is becoming exhausted by displaying the battery low symbol. 
SOFTWARE 

The recorder operates under -pervi.o" a .^^^^^^ 
35 EPROM and the recorder's operation is determined by a software profile aow 
The terminal software consists of the following sections:- 

a) blood glucose test strip sensor response conversion 

b) microprocessor soft control 

c) LCD soft driver 

40 d) keyboard encoder/decoder 

e) data compression 

f) diagnostics 

g) power control 

The software profile consists of the following sections:- 
a\ k<»v function ■ defines if the keys are operatonal or not 

"^TSIior se«,ng : ^ «hich b«od gluco^ «a sMp can b. used in th, conrespondlng ,.spons. 

50 curve. ^ . ^ ^^r.\r^^,c.r\ ar*- desioned to save storage space by a coding system 

the following coding is used:- 
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DMETrC DMA SICRME — IMSOIIlf— 



- A 



70 



- B 



IRESCRIPriCH FOfUXXf UP 



OOIYYYOO 



001 
YVY 
00 



INSULIN CODE 
SXfT NUMBES^ 
FOIKIH UP CXX£ 



OOlYVYOl 



001 « INSULTN OCCE 

YVY » SHOT NUMBER 

01 « TIMING EEVIAnCN OOCE 

IMMMfl ■= 0-239 UNITS OF 6 MIN. 



- C 



TDCnC AND mERAIV OSVIAITICtl 



20 



OOIYYYIO 



mrmrro |r| or |f| or |bi| 
DC aX PCD |m| GOT |l| or 111 



001 « INSULIN OXE 

YYY « SHOT NUMBER 

10 « TIMING & IHERAFy 

CeVIATCN OOCE 
IMfMf« " 0-239 UNITS OF 6 KIN* 
l HH i^ T ^mii m IK5ULEN DOSE 

0-253 * 0.5 UNITS 



- D 



ADamOAL BURSr 



30 



35 



00100011 
TCOODDDD Imj 



or 
or 



Hi 



or 
or 



HI 



001 « INSULIN OOCE 

00011 « AEOmCNAL DOTY 0C3CE 

IMMMH « 0-239 UNITS OF 6 MIN. 
IXXXXXTO « INSULIN DOSE 

0-253 * 0.5 UNITS 



40 



A similar pattern is used for the other therapies available - the first three bits of the byte defining the 
therapy, the second three defining the therapy number and the last two indicating the number of relevant 
bytes to follow. 

A full programme listing for the recorder is included in Appendix A hereto, and the software 
documentation is included in Appendix B. 



INTERFACE 



45 

Introduction 



As previously discussed the recorder is used with an interface unit to enable data to be transfenred 
5^ between the recorder and the master computer. The recorder simply plugs into the interface which in turn 
plugs into the master computer or a modem. Alternatively the data can be printed out on a primer which 
can be incorporated in the interface. 

Referring to Fig. 9. the interface comprises the following components. 

55 
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Blocks 100. 102 and 103 

The blocks contain the common known microcontroller components such as a microprocessor (100). 
5 address-latches (102) and a static ram (103). 

Block 104 



70 



When the interface is switched on. this module provides a reset for the microprocessor in order to read 
out the program-memory from the proper start address. 



75 Block 105 



With the programmable Peripheral Interface (P.P.I.) it is possible to connect a f P^"*;:. ^ 
out d^ietic data This integrated circuit has three parallel I/O ports. Two are used for the opt.onj^^^^^ 
20 ^he thtd part is used for indication of the present Juliet-mode for which LED's are used. Every time only 
one LED lights up next to a symbol to Indicate this mode. 



26 
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Block 106 The programmable Interrupt controller (RLCQ 

Handles several interrupts generated by other peripherals such as the keyboard or the serial- 
commTnl^^^^^^^^ is desribed in Block 107. On its turn the P.l.C. generates an interrupt which ,s 

sent to the microprocessor. , ^ x 

If the microprocessor receives an inten-upt the controller is checked for the origin. 

Block 107 

The Programmable Communications Interface (P.C.I.) provides together ^fj'^^'^^^;^^''''^' 
communication with a computer. The P.C.I, can be programmed to communicate at several baud-rates. 
For direct communication with a computer 9600 baud is used. 

!; [s S^^^^ to connect a modem to this port in order to communicate over long distances. The 
transmission speed is selectable: 1200 baud or 300 baud. 

Block 108 

This block contains the drivers and receivers to transform T.T.L. to V.24 levels and vice ve^. 
Block 109 

The key-board has three push-buttons. They have special symbols according to their function. 
Scrolling through the several modes. 
Actual start of the operation. 
Paper feed (with printer option). 
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Block 110 



The mode indications of Juliet are listed below. 
5 Print-out of blood-glucose values in graphic and In list fonnnat. 

Print-out of insulin values in graphic and in list format. 

Print-out of diet exchange values in graphic and in list format. 

Print-out of exercise values in graphic and in list format. 

Print-out of summary of the last seven days recording. 
10 Therapy listing. 

Phone-modem comnr/unication at a speed of 1200 baud. 

Phone-modem communication at a speed of 300 baud. 

Direct communication with a computer at a speed of 9600 baud. 

75 

Block 1 1 1 

An optional printer-box can be Inserted. For the possible print-outs see above. 

20 

Block 112 



25 The interface is powered by an external transformer (220/1 10 V to 2 x 6 V). 

Within the interface this voltage is stabilized to the several necessary voltage-levels. 



Block 113 

30 

The Romeo-Juiiet communication Is realized by a 6 pins connector, which is connected to the serial 
port of the microprocessor. 

A full programme listing for the interface is provided in Appendix C. 

35 

Claims 

1. A system of outpatient management comprising a computer into which are loaded details of the 
40 patient, or his condition, a monitor in the possession of the patient and an interface, enabling the computer 

and the monitor to exchange information, the computer being programmed to produce from the loaded 
patient details a course of treatment or medication which is recorded in the patient's monitor, the monitor 
including a computer, a display and a keyboard and being programmed to use the recorded course to 
display at appropriate times the desired treatment or medication and to accept and record information 
45 entered by the patient on the keyboard. 

2. A monitor for use by a patient in a system of outpatient management, the monitor comprising a 
computer, a keyboard and a display, the computer being being adapted to store a course of medication of 
treatment to display at appropriate times the desired medication or treatment and to accept and store 
keyboard input from the patient relating to the medication or treatment. 

50 3. Apparatus for measuring colour change comprising means for supporting an article subject to colour 
change, a light source and means for directing light from the source onto the article as a well defined spot, 
and means for receiving reflected light from the light source and measuring the intensity of the light. 

4. Apparatus as claimed In claim 3, in which the article is a blood glucose test strip. 

5. Apparatus as claimed in claim 3 or claim 4, including an optical filter located between the article and 
55 the light source and having optimum transmission at the dominant wavelength of the source. 
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@ Diabetes management system and apparatus. 

@ A system and apparatus for efficient medical 
control of a medical condition such as diabetes 
comprises a recorder, an interface and a master 
computer. The master computer develops a pro- 
gramme of therapy which is downloaded into the 
recorder which then reminds the patient of any ther- 
apy due and records that the therapy has been 
effected. The record from the recorder is subse- 
quently fed back to the master computer to improve 
or alter the therapy programme. 
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The present European patent appltcation comprfsed at theUme of filing more than ten claims. 

□ 



All daims fees have been paid within the prescribed time limit The present European search report has been 
drawn up for all claims. 



□ 
□ 



Only part of the claims fees have been paid within the prescribe time limit The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have t^en paid. 

namely claims: 

No claims fees have been paid within the prescribed time limit The present European search report has been 
drawn up for the first ten claims. 



X LACK OF UNITY OF INVENTION 



The Search Division cor>siders that the present European patoit application does not compfy with the requirement of unity of 

invention and relates to several Inventions or groups of inventions. 

namely: 

1. Claims 1,2: Monitor for outpatient management 

2. Claims 3-5: Apparatus for measuring color change 



□ 
□ 

0 



All further search fees have been paid within the fixed time limit. The present European search report has 
been drawn up for all daims. 

OfUy part of the further search fees have been paid within the fixed time limit The present European search 
report has k>een drawn up for those parts of the European patent application which relate to the tRventtons in 
respect of which search fees have been paid. 

namelyclatms: 

None of the further search fees has been paid within the fixed time Mmit The present European search report 
has been drawn up for those parts of the European patent application which relate to the invention first 
mentioned in the daims, 

namely claims: 1,2 
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